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1. INTRODUCTION

Future airborne command, control, communications, computing, and intelligence (C'I)
platforms, such as the advanced Airborne Warning and Control Systems (AWACS), may
be required to support multiple high-resolution on-board sensors, equally high data rates
from off-board sensors, an increased crew size with more complex consoles, and a
sophisticated battle support analysis and highly interactive battle staff decision process.
Therefore, future CI aircraft mission avionics suites will be required to handle a much
greater aggregate data rate than is the case today, and also be required to provide a much
more comprehensive set of network services to support on-board battle staffs. Current on-
board networking technology cannot meet these emerging requirements.

Asynchronous Transfer Mode (ATM) networking technology has been identified as a
significant potential backbone network for future mission avionics. ATM technology has
been successfully demonstrated for some military applications, such as for fixed ground-
based fiber networks, and the extension of this technology into the RF medium is
currently under way with field demonstrations expected to take place very soon. For
potential applications to airborne C'I, an ATM local-area network had been successfully
demonstrated on Casey 01, but the demonstration did not include an operational scenario
nor was it configured with a realistic C'I aircraft avionics suite. Thus, while ATM
undoubtedly shows significant potential to meet on-board C'I network requirements,
ATM network applicability and cost effectiveness for realistic C'l aircraft applications
has to be fully implemented, quantitatively assessed, and operationally demonstrated.




2. PROGRAM OBJECTIVE

The objective of this program was to design, implement, assess, and demonstrate an
ATM network in a realistic airborne C*I demonstration system (i.e., Advanced AWACS
prototype). This program supports realistic C‘l applications such as battlespace
management, Synthetic Aperture Radar (SAR) signal processing and analysis, real-time
Air Tasking Order (ATO) monitoring concepts. The demonstration system includes a
suite of advanced C’I applications and will be an integral component of an overall
battlespace simulation activity. We accomplished the following basic goals: (1)
implemented an ATM network for advanced AWACS systems, (2) developed a
quantitative performance measure of ATM network technology, (3) demonstrated the
integrated battlespace simulation over ATM network using a realistic airborne C'I
scenario, and (4) performed a wireless ATM trade study that includes the AWACS on-
board and off-board network trade study. This program represents a significant step
forward in the development of on-board network technology for future C*l and similar
aircraft, and in particular for the mission avionics suite of an advanced AWACS.




PROGRAM SUMMARY

3.

The thrust of this program was to configure the existing prototype AWACS Open System
Architecture (OSA) mission avionics system with an ATM network and demonstrate the
integrated battlespace simulation using ATM-based AWACS prototype system for
realistic C*I applications. The advanced AWACS prototype is currently implemented
with Ethernet and Fiber Distributed Data Interface (FDDI) networks. Key program
milestones were an interim demonstration of the Advanced AWACS subsystem with
ATM backbone networks and the final demonstration of integrated battlespace simulation
including all three elements of the “sensor- C‘I-fighter” loop. The Advanced AWACS
ATM network demonstration program flow is shown in Figure 3-1.
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Figure 3-1: Demonstration Process of ATM-Based Advanced AWACS Network

Task 1: ATM-Based Architecture Definition

The current advanced AWACS OSA network incorporates legacy LANSs, with separate
10Base-T Ethemet and FDDI providing backbone connectivity between the mission
computer and display consoles and for external connectivity. These two separate
networks were replaced with a single ATM network. The ATM-based network
architecture was designed consistently with the OSA concept for Advanced AWACS.

(93}




Task 2: ATM-Based Network Implementation

The Commercial Off-The-Shelf (COTS) software and hardware (e.g., platforms,
switches, network interface cards), based on the design study of Task 1, were evaluated,
down-selected, acquired, and implemented into the Advanced AWACS prototype system.

Task 3: Subsystem Testing and Performance Evaluation
The performance evaluation test of the ATM-based systems was performed on both
network and application levels. A set of application-specific performance criteria were

established.

Task 4: Interim Laboratory Demonstration

The Advanced AWACS functionality was demonstrated over the ATM network. This
interim demonstration relied on a pre-programmed AWACS application demonstration,
including target simulations (over 1,000 targets), sensor returns from the simulated
targets (e.g., Radar, IFF, ESM), and tracking processing (Figure 3-2).

Task 5: Integrated Battlespace Demonstration
The Advanced AWACS, UAYV ground station, and advanced fighter are integrated onto
ATM-based networks and are used for a realistic battlespace scenario demonstration.

Interim Demonstration Final Demonstration
Advanced AWACS Subsystem Integrated Battlespace Simulation
e over 1,000 simulated targets e various types of sensor inputs, e.g.,
over 1,000 system tracks SAR, IR, video
e up to 1,000 simulated sensor returns, e breadboard of typical Adv. Fighter
e.g., radar, IFF, ESM e information transfer between HITL
systems (DEMPC and Adv. AWACS)

Figure 3-2: Interim and Final Demonstration Features

Task 6: Wireless ATM Study

The trade study of the on-board networks in the existing AWACS programs was
performed. This trade study includes the off-board network; the survey and future works
on wireless ATM technologies — wireless satellite, wireless terrestrial, and wireless

mobile ATM.



4. ATM-BASED ARCHITECTURE DEFINITION (TASK 1)

Future airborne C*I platforms, such as an Advanced AWACS, will increasingly have to
provide sophisticated battle staffs with advanced command and control decision aids and
multiple off-board/on-board sensor data fusion capability, resulting in the need for a real-
time, higher data rate mission avionics network. This network must support multiple data
types (data, voice, video, image) across multiple end-user stations on the aircraft, and
eventually seamless communication capability between end-user stations on-board and
off-board the aircraft.

4.1. ATM Technology for AWACS Platforms

Functional requirements of these C'I aircraft will include interactive fighter control
(voice), sensor data processing (including imagery) for targeting and situation
assessment, real-time control of guided weapons, and Remotely Piloted Vehicles (RPV)
with sensor payloads. Data rate requirements internal to the C'I aircraft are expected to
progress rapidly from 1 Mbps currently for the E-3, through approximately 5 to 10 Mbps
for retrofits to current platforms (e.g., E-6), to 500 to 600 Mbps for future CI systems.

In an ATM network, the information is transported by means of streams of short fixed-
length packets (cells) that are asynchronous time-division multiplexed. ATM is expected
to be capable of effectively emulating any service and thus provide high-throughput, low-
delay, service independent transport for all types of traffic. The advantages of ATM are:

Flexibility to support existing services and unforeseen future services.
Dynamic bandwidth allocation.

Integrated transport of all types of mixed media information.
Efficient use of network resources by statistical multiplexing.

Therefore, the architecture for future C'I aircraft networks will take advantage of ATM
technology to provide the network with the capacity for a wide variety of applications
ranging from highly interactive to minimally interactive systems.

4.2. AWACS Open System Architecture Network Requirements
The AWACS Open System Architecture (OSA) requirements are as follows:

(a) Support periodic database distribution, on-demand messages, file sharing, video, and
voice.

(b) Support very high multicast data load (> 40 Mbps) to each node for database
distribution (up to 32 nodes).

(¢) Support node scalability to 48 nodes.

(d) Support full capability of TCP and UDP (for multicast) on the network, although it
does not have to be locked into using IP for database distribution.

(e) The buffer overflow should be avoided at end nodes. The end nodes which receive
multicasts will be very susceptible to buffer overflow conditions and the host




processors cannot be dependent on the Network Interface Cards (NICs) buffer
capacity at a line rate. Therefore, a flow control mechanism is required.

(f) No single-point failure modes.

(g) Each node needs to attach to two networks (dual homing).

(h) Database distribution does not necessarily need to be on top of an internetworking or
routing protocol. No routing can take place for any data on the network. The set of
data configurations on the network will not change frequently.

4.3. Demonstration Systems Architecture Definition

Analysis of tactical or reconnaissance Hardware-In-The-Loop (HITL) and C'I
applications using Advanced AWACS as the centralized airborne information platform
leads to the conclusion that the corresponding system architecture is a critical aspect of
the system's ultimate effectiveness in that role. The choice of communications
architecture is constrained by the required functional architecture of the system, such as
legacy interfaces, monitor and control stations.

Our rationale for migrating to ATM is based on expected benefits in network attributes
from both theoretical and practical perspectives. Although some of the features of ATM
are not currently available off the shelf, or currently require integration and rework to be
operable, we are convinced that the long-term benefits will outweigh the short-term
difficulties, hence the importance of this work.

The appropriateness of ATM versus a switched-LAN implementation is based on two
important practical considerations. The first consideration centers on the ability to
seamlessly support all forms of potential applications, i.e., multi-media, simultaneously
and completely. In this regard, only ATM combines the advantages of statistical
multiplexing with the use of small connection-oriented data cells to achieve practical
jitter performance and optimal link utilization. Also, while most existing Application
Programmable Interfaces (APIs) are compatible with any LAN technology, only ATM
allows for eventual migration to native ATM APIs whereby many of the subtle
advantages of ATM will be realized.

The second consideration centers on the relative ease with which network data can be
converted and carried on different media such as LANs and telecommunications lines,
optical fiber, and air. To date, ATM is by far the strongest long-term candidate for use as
a communications substrate technology between these differing communication forms.
Examples are LAN Emulation (LANE), ATM on T1, ATM on OC-3c, and link
accelerators and modems necessary to implement an ATM RF air interface. Given the
strong push for current and future remote operability and equipment interoperability,
ATM appears to be the best long-term choice.

We defined three system architectures: the existing system configuration (Figure 4.3-1),
the interim system configuration (Figure 4.3-2), and the final system configuration

(Figure 4.3-2).



Existing Architecture: The existing system configuration of an integrated battlespace
simulation (Figure 4.3.1) employs separate Ethernet and FDDI networks to implement
message bursts and file transfers, respectively. The Ethernet connects the mission
computer to the display consoles via the 10Base-2, tapped coaxial cable configuration.
An additional Ethernet is used to provide connectivity to the Distributed Interactive
Simulation (DIS) network. The FDDI connects not only the same workstations as the
Ethernet, but also connects the Data Exploitation, Mission Planning, and
Communications (DEMPC) mission planner and DEMPC image analyzer, providing the
high-speed communications core of the system. The FDDI network employs an
additional concentrator unit that serves to convert the physical topology of the network
from a ring to a star.
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Figure 4.3-1: Existing Integrated Battlespace Simulation Demonstration System

Interim Demonstration Architecture: The interim system configuration (Figure 4.3-2)
combines the data traffic present on the separate Ethernet and FDDI networks onto an
ATM backbone. ATM LAN Emulation (LANE) technology will be used against separate
Permanent Virtual Circuits (PVC) to establish connectivity similar to that in the existing
system configuration. ATM LANE can support all existing IP applications, so TCP/IP
and UDP/IP can run over LANE. The PVCs will also be able to support OSA database
‘multicasts while a separate “Classical IP over ATM” (RFC 1577) will run simultaneously
over Switched Virtual Circuits (SVC) supporting all existing IP applications. As such,
the ATM backbone will provide connectivity between the OSA mission computers, the
OSA display consoles, the DEMPC mission planner, and the DEMPC image analyzer,
providing all inter-workstation communications for the system. The ATM backbone
employs an ATM switch in the final system configuration.




Final Demonstration Architecture: The final system configuration (Figure 4.3-2) connects
the UAV subsystem and advanced fighter subsystem to the Advanced AWACS
subsystem. The UAV subsystem consists of the UAV sensor and ground station. The
advanced fighter subsystem comprises the cockpit display and the display generator. For
the actual demonstration, a simulated real-time Synthetic Aperture Radar (SAR) image
will be used. The SAR image will be taken from the image generator’s visual database.
The video data will be captured and processed by the SGI Indigo2 sensor (SAR) video
processor and transmitted via an RS-170 video link to the image analysis display on the
DEMPC ground station. Additional information will be added to the image which will
then be transmitted via ATM to the OSA DEC Alpha AWACS operator’s station. The
resultant image will then be passed to the SGI Onyx cockpit display processor via an
ATM link along with voice communications between the shooter and the C'I platform.
The information that is displayed in the shooter’s cockpit will be used as targeting
information.
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Figure 4.3-2: Interim and Final Demonstration System



4.4. ATM Multicast Solutions for AWACS Applications

The CI platform (e.g., AWACS) requires a network that is capable of simultaneous
unicast and multicast for data distribution. The TCP/IP unicast is used for operator-
related activities between the AWACS mission computer and display consoles. The
UDP/IP multicast is used for common data broadcasting to all display consoles within a
multicast group on a periodic basis. Unlike a connectionless legacy LAN technology, the
multicast capability is not easy to implement with connection-oriented ATM technology.
The ATM multicast configuration used for the integrated battlespace simulation network
is described in the following sections.

4.4.1. ATM Multicast Technology

There are potential approaches to address the ATM multicast problem in the legacy LAN
environment; for example, multipoint-to-multipoint Virtual Path Connections (VPC), a
multicast server, or overlaid point-to-multipoint connections. However, the multipoint-to-
multipoint VPC requires a protocol to allocate unique VCI values to all nodes in the
multicast group; such a mechanism does not currently exist. The multicast server
requires a point-to-multipoint connection with all nodes, as well as a point-to-point
unidirectional connection from each node to a multicast server. The overlaid point-to-
multipoint connections requires each node to maintain the total number of all connections
within each group. Thus, there is no ideal solution yet for ATM multicast. The existing
“Classical IP over ATM (CIP)” protocol supports neither broadcast nor multicast, while
the ATM LAN Emulation (LANE) protocol supports only a broadcast. The higher layer
protocols for ATM IP multicasting (e.g., MARS, MPOA, PIM) are under development.

4.4.2. ATM Classical IP-Based Multicast Solution

The ATM classical IP (CIP) protocol lacks a broadcast (multicast) mechanism. We
resolved this broadcast (multicast) problem of ATM classical IP with a simple
configuration solution. The simple solution is to set up point-to-multipoint Permanent
Virtual Circuit (PVC) connections (Multicast PVC) from a broadcast server to all clients.
Since there is no such server in CIP, we create a virtual broadcasting node (that
corresponds to a broadcast service access point) at the switch. The procedure to
configure this CIP broadcast (multicast) mechanism is as follows.

(a) Configure an ATM interface (qaa0) for a standard “Classical IP over ATM” with an
appropriate ATMARP server address, operating over Switched Virtual Circuit (SVC)
connections.

(b) Create at an ATM switch a point-to-multipoint Permanent Virtual Circuits (PVC)
node (Multicast PVC) using unique vpi/vci numbers for each multicast group, e.g.,
AWACS, Fighter, and UAV multicast group subnets. This Multicast PVC virtual
node serves as a broadcasting access point.




(c) Create a virtual IP address for the Multicast PVC virtual node. Note that a unique IP
subnet address should be assigned to each multicast group when multiple subnets are
required.

(d) Configure a new ATM interface (qaal) for a CIP Multicast PVC virtual node at both
the host and the client workstations with a proper virtual IP address. Repeat the
process for the multiple subnets, as required.

« ifconfig qaal <host station multicast IP address> netmask 255.255.255.0 at a host

station.
« ifconfig gaal <client stations multicast PVC virtual IP address> netmask

255.255.255.0 at all client stations.

(e) Bind IP addresses to the unique vpi/vci numbers at a host workstation and multiple
client workstations, such as

e atmarp -c <client stations multicast PVC virtual IP address> qaal <vpi> <vci>
<revalidate> at a host station.

e atmarp -c <host station multicast IP address> qaal <vpi> <vci> <revalidate> at
all client stations.

(f) Make the final configuration (e.g., atmarp) persistent across reboots by a start up
script as necessary.

Run a standard “Classical IP over ATM“ on top of “Multicast PVC”. This permits
the simultaneous transmission of point-to-point TCP unicast traffic over SVC, and
point-to-multipoint UDP multicast traffic over multicast PVC.

4.4.3. ATM LAN Emulation-Based Multicast Solution

ATM LANE can support multiple independent emulated LANs (ELAN), and the
membership in any of the ELANs is independent of the physical location of the end
system. For the integrated battlespace simulation, four different ELANs were set up to
support the ATM multicast groups: ELAN-1 (AWACS display consoles subnet), ELAN-
2 (fighter subnet), ELAN-3 (UAV subnet), and ELAN-4 (voice over ATM subnet). The
AWACS mission computer must be a member of all ELANSs so that it can selectively
broadcast information to any of the AWACS, fighter, or UAV groups as different
multicast groups. It should be noted that the CIP (or LANE) intrasubnet protocol works
only within its own logical IP subnet (or ELAN), thus a separate router is required for
communications between different logical subnets (or ELANS).
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Initialization and Configuration:

(a) LAN Emulation Client (LEC) registers its own ATM address.

e Upon initialization (power up), LEC obtains its own ATM address typically

through address registration.
(b) LEC requests to join ELAN.

e LEC first finds the LAN Emulation Configuration Server (LECS) address by
either the locally configured ATM address (bypassing LECS), Interim Local
Management Interface (ILMI), well-known LECS address, or PVC (VPI=0,
VCI=17).

e LEC sets up a bidirectional point-to-point connection (Configure Direct VCC) to
LECS and sends LE CONFIGURE_REQUEST to find LES ATM address.

(c) LECS identifies LAN Emulation Server (LES) and provides LES identification to

LEC.

e LECS returns LE CONFIGURE RESPONSE to LEC with LES ATM address,
ELAN type, ELAN name, and ELAN maximum packet size.

Joining and Registering with LES:

(d) LEC registers with LES

e LEC clears the configuration-direct connection to LECS and sets up a
bidirectional point-to-point connection (Control Direct VCC) to LES for exchange
of the control traffic and then sends LE_JOIN_REQUEST.

e When Control Direct VCC is established between LEC and LES, it remains so
that no two LECs register the same Medium Access Control (MAC) or ATM
address.

(e) LES verifies with LECS that LEC is allowed to join the ELAN

e Upon receipt of LE JOIN REQUEST, the LES sets up bidirectional point-to-
point connection (Server Configure Direct VCC) to LECS for verifying that LEC
is allowed to join the ELAN.

e LES configuration request (Server Configure Direct VCC) contains LEC MAC
address, LEC ATM address, and ELAN name.

e LECS checks its database to determine whether the LEC can join the ELAN; then
it uses the same VCC to inform the LES whether the LEC is allowed to join.

(f) LES allows or does not allow the LEC to join the ELAN.

e Upon verification of LEC’s membership, LES adds the LEC as a leaf and sets up
the unidirectional point-to-multipoint connection (Control Distribute VCC).

e LES confirms the registration over bidirectional point-to-point connection
(Control Direct VCC) by sending LE JOIN_ RESPONSE to the LEC. LEC has
successfully joined the LES. On the other hand, if not allowed, LES rejects the
registration over bidirectional point-to-point connection (Control Direct VCC).
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Finding and Joining the Broadcast and Unknown Server (BUS):

(2) LEC sends LE-ARP packets to LES for finding the BUS ATM address.
e LEC creates a LE_ ARP_REQUEST packet with MAC address (OxFFFFFFFF)
and sends it to LES over the control-direct VCC to find a MAC broadcast address.
e LES responds to LEC with the BUS ATM address on the control-distribute VCC.
(h) LEC sets up the multicast-send connection to BUS.
e LEC creates a signaling packet with BUS ATM address and sets up a bidirectional
point-to-point connection (Multicast Send VCC) to BUS.
(i) BUS sets up the multicast-forward connection to LEC.
e Upon receipt of a signaling packet, BUS adds the LEC as a leaf and sets up an
unidirectional point-to-multipoint connection (Multicast Forward VCC) to LEC.
(Note that the BUS is allowed to set up the unidirectional point-to-point VCCs to
LECs, but the use of point-to-multipoint VCCs relieves the BUS from duplicating
and transmitting many copies of each message).
e LEC is now a member of the ELAN and is ready for data transfer.

Data Transfer:

() BUS floods a data packet to all LECs on the ELAN.

e When LEC has a data packet to send to an unknown destination MAC address,
LEC sends the data frame to BUS over the multicast-send VCC and the BUS
distributes it to all LECs on the ELAN over the multicast-forward VCC.

e This is done because the ATM address resolution may take some time and many
network protocols are intolerant of delays.

(k) LEC resolves an ATM address of the unknown destination LEC.

e LEC sends a LE ARP_REQUEST control frame to LES over the control-direct
VCC. If LES knows the answer, it will respond with the ATM address
corresponding to the Medium Access Control (MAC) address of the LEC.

e If LES does not know the answer, it floods the LE_ARP_REQUEST to some or
all LECs over the control-distribute VCC.

() LEC sends BUS LANE flushing message and then starts data transfer _

e Upon receipt of LE_ ARP_RESPONSE, LEC sets up a bidirectional point-to-point
connection (Data Direct VCC) to the destination LEC and uses this for data
transfer rather than the BUS path.

e When LEC establishes the data-direct VCC, it sends a control broadcast message
(i.e., FLUSH MESSAGE) following the last packet to BUS and waits for the
destination to acknowledge receipt of the flush packet. The LANE Flush
procedure ensures that all packets previously sent to the BUS were delivered
(flushed) to the destination prior to the use of the data-direct VCC.

e The LEC then starts to send data across the data-direct VCC without the risk of

frames interleaving.
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5. ATM NETWORK IMPLEMENTATION (TASK 2)

The primary objective of this task was to integrate all components of the Advanced
AWACS subsystem into the final demonstration configuration. In this task, first we
performed a vendor trade study on the necessary COTS hardware and software, second
we acquired all required system components, and finally we integrated all components of
the Advanced AWACS subsystem into the interim demonstration configuration.

5.1. ATM Switch and Analyzer Selection

The trade study on the selection of COTS hardware (e.g., ATM switch), software, and
related test equipment was performed. After an initial screening, three vendors’ products
were selected as candidates.

ATM Switch Requirements: The ATM switch had to address the full range of
requirements including:

Broadcast/multicast capability.

LANE BUS throughput (> 40 Mbps) to each node (up to 32 nodes).

Support full TCP/IP and UDP/IP capability on the network.

No buffer overflow at end nodes.

Evaluation: A list of our requirements was provided to the vendors. Based on these
requirements, a series of technical evaluations and tests on the preselected vendors® ATM
switches were performed during this reporting period. The major issues were the
multicast capability and LAN Emulation (LANE) Broadcast and Unknown Server (BUS)
throughput, which are the important metrics for real-time C*I systems. The ATM LANE
BUS is responsible for forwarding all broadcast (or multicast) and unknown destination
unicast frames (received from members of the ELAN) to all members of the ELAN. The
LANE BUS throughput test measures the ability of a BUS to forward frames. Since the
AALS Protocol Data Units (PDU) do not allow the interleaving of cells of different
frames during the forwarding procedure, the BUS should serialize the received frames
prior to forwarding them. As a result, the performance of the Segmentation And
Reassembly (SAR) on the BUS is the most significant factor affecting overall BUS
performance. Given the fact that some BUS implementations perform the SAR in
software, while others provide it in hardware, the BUS performance varies substantially.
The following Figure 5.1-1 summarizes the evaluation and test results on the major
vendors’ ATM switches.

Conclusion: Based on the trade study and a series of evaluation and testing efforts, we
selected the Cisco Systems LS-1010 ATM switch (with Catalyst 5000 LANE module)
and the 3Com Cellplex 7000 ATM switch.




Requirements or CISCO FORE 3COM
Capabilities LS1010 ASX-200BX CellPlex 7000
with Catalyst 5000
1. Switch call setup rate | 195 calls completed 130 calls completed per | 11 calls completed per
(450 calls) per second second second
(limit to 325 calls)

2. Switch call setup <0.1 sec >2.0 sec -
latency (450 calls)
3. ATM LANE Yes Yes Yes

4. BUS/LES location

Outside switch,
in a different box

Inside switch,
in the same box

QOutside switch
in the same box

(Catalyst 5000)
5. SAR implement on SAR in hardware SAR in software SAR in hardware
the BUS (This limits BUS
performance)
6. LANE multicast Yes Yes Yes
capability
7. Throughput Yes No Yes
(50 Mbps to 32 clients)
8. BUS broadcasting 14,881 frames/sec 1,488 frames/sec 14,881 frames/sec over
speed over 1 ELAN 119,000 over 1 ELAN 1 ELAN
frames/sec 89,000 frames/sec
over 6 ELANs over 6 ELANSs
9. BUS throughput 4,880 frames/sec 2,060 frames/sec 4,880 frames/sec
for 24-frame burst for 24-frame burst for 24-frame burst
5,480 frames/sec 2,060 frames/sec 7,440 frames/sec
for 744-frame burst for 744-frame burst for 744-frame burst
10. Frame handling 100 %, 94 % 32%,27 % 100 %, 100 %
(% successful deliver) for 24-, 744-frame for 24-, 744-frame for 24-, 744-frame
bursts bursts bursts

Figure 5.1-1: Performance Comparison of Multiple Vendors’ ATM Switches

ATM Network Analyzer Requirements: The ATM network analyzer should be able to
address the range of requirements, including:
The ATM analyzer should be able to address all our requirements to satisfy the ATM
network performance evaluation task during the program.
The second ATM analyzer was required to be portable because of the need to move
among three laboratories (Bldg. 7-81-7, Bldg. 18-233, or ITDL facility) due to multi-
organizational involvement in this Rome Lab program for an ATM-based AWACS
network demonstration.
It was very highly desirable for the second ATM Analyzer to be compatible and/or
interchangeable with the existing HP VXI-based E4100B ATM Broadband System.
The ATM analyzer had to have an easy upgrade path to future higher data rates.




Evaluation: The list of test standards and parameters were provided in advance to the
vendors. Based on the given test standards and parameters, a series of evaluation and
testing on the selected major vendors” ATM analyzers were performed in our laboratory
during this reporting period. Figure 5.1-2 summarizes the ATM analyzer evaluation and

test results.

Capability HP HP W&G Note
4100B 5200A DA-30C
1. Decoding capability Yes Yes Yes At various protocol layers such as
of traffic in monitoring ATM, AAL, LANE, TCP, UDP,
mode Classical IP
2. Capture capability Yes Yes Yes As an edge device over UNI under
of traffic LANE, Classical IP, AAL, and
ATM
3. Source capability Yes Yes No As an edge device over UNI under
of traffic except Yes with PVC | LANE, Classical IP, AAL, and
LANE except LANE | ATM
4. Emulation capability Yes Yes No Traffic capture and analysis
for UNI, No NNI UNI signaling in emulation
NNI (Some NNI signaling in emulation
emulation
available in
Version 2.0)
5. Conformance test Yes No No UNI, NNl signaling
6. Quality of Service Yes Yes No Cell delay variation (jitter)
(QoS) test capability for some QoS | Maximum cell delay
parameters Mean cell delay
(Improve in Cell loss, cell error ratio
Version 2.0) Cell misinsertion ratio, etc.

Figure 5.1-2: Performance Comparison of Multiple Vendors’ ATM Analyzers

Conclusion: Based on the trade study and a series of evaluation and testing efforts, we
selected a Hewlett-Packard E5200A portable broadband service analyzer that was
superior to any other models. Without the version 2.0, the capability of the existing
version 1.2 of the Wandel & Golterman (W&G) DA-30C ATM analyzer, was somewhat

limited.




5.2. AWACS-UAV-Fighter Platforms Selection

There were three different applicable platforms or environments: Digital Equipment
Corporation (DEC) Alpha 600 processors running DEC Unix on a PCI backplane, SUN
Sparc-20 workstations running Solaris on an Sbus backplane. and SGI Onyx workstations
running IRIX on a VMEbus backplane. The first two systems were required for the
interim demonstration and all three of them were required for the final demonstration.
The core battlespace components were simulated with the multiple, high-end platforms
on ATM network testbed (Figure 5.2): AWACS for DEC Alpha-500/600 workstations
running Unix 4.0 on PClbus, UAV for SUN Sparc-20 running Solaris 2.4 on Sbus, and
Fighter for SGI Onyx-1 (Onyx-2) running Irix 5.3 (Irix 6.4) on VMEbus (PClbus).

LIS-1 LIS-3 LIS-3 L1S-2 LI1S-4
ELAN-1 ELAN-3 ELAN-3 ELAN-2 ELAN-4
DEC Alpha 500 SUN Sparc 20 SUN Sparc 20 SGIOnyx 1 VR-100
AWACS UAV UAV Advanced Fighter | JAudio Radio
Big FPD Screen Mission Planner Image Analyzer Pisplay Generator for
E: DELTA (Dempc 6.1) (Dempc 6.2) (Osprey) Adv. Fighter
L J
0cC-3 0C-3 0C-3 0C-3
Voice over
ATM
100Base-T 100Base-T
Ethernet ATM LAN Switch PC-3 | ATM Switch PC-3 JATM LAN Switch Ethernet
Catalyst 5000 LS-1010 Catalyst 5000
I
Voi l
jf;;lver 0C-3
oc-3 0c-3
I 0C-3
VR-100 DEC Alpha 600 DEC Alpha 600] |DEC Alpha 600] |DEC Alpha 600| |DEC Alpha 600
Audio Radio AWACS AWACS AWACS AWACS AWACS
for Mission Computer Display Console| |Display Console| |Display Console] |Display Console
. play
AWACS (USA) A: UK B: FR C:GR D:IT
L1S-4 LiS-1,2,3 LIS-1 LIS-1 L1S-1 LIS-1
ELAN-4 ELAN-1,2,3 ELAN-1 ELAN-1 ELAN-I ELAN-1

Figure 5.2: ATM Testbed for Integrated Battlespace Simulation

5.3. ATM Network Interface Cards Selection

The following ATM adapters were selected for each workstation platform of the

battlespace components:

e FORE Systems PCA-200EUX ATM adapter for PCl-bus DEC Alpha-600
workstation.

e FORE Systems SBA-200E ATM adapter for S-bus SUN Sparc-20 workstation.

» FORE Systems VME-200 ATM adapter for VME-bus SGI Onyx-1 workstation.

The ATM adapter provides ATM connectivity for host systems and provides the

following capabilities:



Supports signaling and AAL standards.

Supports for SVCs (through UNI 3.0/3.1 signaling) and PVCs.
Provides ATM Classical IP, LAN emulation, and SNMP.
Provides transparent support for TCP/IP.

Provides ATM Applications Programmer Interface (API).

54. ATM Network Implementation

Figure 5.4 shows the workstation architecture (corresponding to the final demonstration
architecture shown in Figure 4.3-2) which emphasizes the hardware and software
components related to ATM connectivity. Each workstation has a processor, a backplane
communications bus, an ATM adapter, device driver, protocol, and interface software,
and an operating system. In addition, it is planned for the OSA mission computer to host
the ATM network management software. The OSA software of the existing Advanced
AWACS simulation system is hosted on DEC Alpha-600 workstations. One Alpha acts
as the OSA mission computer. The other four Alphas act as the OSA display consoles.

The Data Exploitation, Mission Planning, and Communications (DEMPC) software of
the existing Advanced AWACS OSA simulation system is hosted on two SUN Sparc-20
workstations. One SUN acts as the DEMPC mission planner and the other acts as the
DEMPC image analyzer. The image analyzer and mission planner SUN Sparc-20
workstations have S-Bus slots available for the ATM adapter.

The shooter display generator software is hosted on one Silicon Graphics Onyx-1 or -2
workstation. This Onyx has one 9U VME slot available and a VME adapter is used for
the baseline ATM interface. It is important to note that the portion of this demonstration
that specifically relates to on-board the C*I platform itself (i.e., OSA mission computer,
display console, and the DEMPC analyzer) closely approximates a real-life scenario.
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5.4.1. Parts List for ATM Implementation

The equipments and components required for the demonstration systems include two
ATM switches with multiple OC-3 and DS-3 ports, an ATM LANE module, eight ATM
network interface cards on three different platforms, various optical fibers and cables.

The parts list and workstations list are shown in Figure 5.4.1-1 through Figure 5.4.1-3.

cable, 6 ft

(206) 813-5599

Item Part Description Part Number Source Qty

1 | ATM switch with 2 modules of Lightstream Cisco Systems 1
8 ports OC-3; PNNI/IISP LS-1010 (206) 688-2204
feature; ATM Director; H/'W,
S/W upgrade and maintenance

2 | ATM switch LANE module Catalyst 5000 Cisco Systems 1
with H/W and S/W upgrade (206) 688-2204
and maintenance support

3 | ATM switch with 2 modules of |  Cellplex 7000 3Com Corp. 1
8 ports OC-3; 1 module of 2 (206) 450-4916
DS-3 ports; PNNI/IISP and
LANE; ATM Manager; H/'W,
S/W upgrade and maintenance

4 | ATMworks 350 PClbus ATM DGLPB-AB Digital Equipment | 5
adaptor with OC-3C Corp
with LANE (UNIX 4.0) (206) 637-4263

5 | PCIbus ATM adaptor with PCA- Fore Systems 1
with LANE (UNIX 4.0) 200EUX/OC3SC (206) 655-6433

6 | Sbus ATM adaptor with OC- SBA- Fore Systems 2
3C/SC connectors and SunOS 200E/0OC3SC (206) 655-6433
& Solaris driver

7 | VMEbus 6U ATM adaptor VME- Fore Systems 1
with OC-3C/SC connectors 200/0C3SC-9U (206) 655-6433

8 |SCtoSC,62.5/125 pm FOA6SC/6SC- Connect Air 7
multimode fiber, 150 ft 62.5-PVC-150 ft (206) 813-5599

9 | SMA to SC, 100/140 um FOA2SC/SMA- Connect Air 2
multimode fiber, 50 ft 100-PVC-50 ft (206) 813-5599

10 | DB-50P to DB-50P SCSI 654-1035-06 Connect Air 2

Figure 5.4.1-1: Parts List for ATM Network Implementation
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Property and Description Model Media Memory
Serial No. PB560-A9
39011518 |Hammer: OSA DEC 4.3 GB disk (qty 2) 128 MB
NT72003411 |mission AlphaStation |3.5” floppy drive Volatile
computer 500 5/400 [4 mm DAT tape drive
39011525 |Ryobi: OSA DEC 4.3 GB disk 128 MB
NT720034MQ [display console | AlphaStation |3.5” floppy drive Volatile
500 5/400 |135 MB Syquest drive
39011526  {Delta: OSA DEC 4.3 GB disk 128 MB
NT720034KO |display console | AlphaStation |3.5” floppy drive Volatile
500 5/400 135 MB Syquest drive
39011517 [Punch: OSA DEC 4.3 GB disk 128 MB
NT720034GE |display console | AlphaStation [3.5” floppy drive Volatile
500 5/400 {135 MB Syquest drive
39011527 |Bandsaw: OSA DEC 4.3 GB disk 128 MB
NT720034KM |display console | AlphaStation {3.5” floppy drive Volatile
500 5/400 |135 MB Syquest drive
39011519 |Torx: OSA DEC 4.3 GB disk 128 MB
NT720034HG |display console | AlphaStation {3.5” floppy drive Volatile
500 5/400 135 MB Syquest drive
39011528  |Jigsaw: OSA DEC 4.3 GB disk 128 MB
NT720034JK |display console | AlphaStation {3.5” floppy drive Volatile
500 5/400 ]135 MB Syquest drive
Figure 5.4.1-2: List of DEC Alpha-500 Workstations
Property and Description Model Media Memory
Serial No. PB620-A9
39010476  |USA: OSA DEC Alpha
NI546008V6 |[mission 600 5/266
computer
39010478 JUK: OSA DEC Alpha
NI546008U4 |display console | 600 5/266
39010144  |France: OSA DEC Alpha
NI546008W8 |display console | 600 5/266
39010145 |Germany: OSA | DEC Alpha
NI546008XA  |display console | 600 5/266
39010146 |Italy: OSA DEC Alpha
NI546008T2 |display console | 600 5/266

Figure 5.4.1-3: List of DEC Alpha-600 Workstations
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5.4.2. ATM Adapter Installation Procedure

The installation procedure of the FORE ATM Network Interface Card for Digital Unix
4.0a ForeThought 4.0.3(1.3) PCA-200E Driver is described in this section.

FORE ATM Adapter Installation Procedure:

Release Notes: ForeThought 4.0.3(1.3) contains support for the tcpdump utility.
Be sure to log in as root.
Set the EDITOR environment variable to point to your favorite editor.

For example:
# EDITOR=/usr/dt/bin/dtpad
# export editor

If there is a previous version of the FORE driver installed, remove it from
the 